         
                      UNIVERSITY OF SASKACHEWAN
                      DEPARTMENT OF COMPUTATIONAL SCIENCE
                                 
                           CMPT 250.6-01
                            FINAL EXAM
                                 
                                 
         3 HOURS    CLOSED BOOK APRIL 17, 1990
         
         
         MARKS
         17 1. a) What is the essence of object-oriented programming?
         
             b) How is the Turbo Pascal OBJECT type different from the RECORD
                type? How are they the same?
                c) What is meant by inheritance?
                d) Contrast static methods with virtual methods.
                
             e) What is a polymorphic object? Using an example illustrate its use and
                its association with a virtual method.
                
                
         15 2. The following grammar generates a subset of the types of Pascal:
         
                <type> ::= <simple> l  id I array [simple] of <type>
                <simple> ::= integer I char I num <dotdot> num
                <dotdot> ::= ..
                where VN = { <type>,<simple>,<dotdot>}
                and VT = { 1', id, array, [,], of, integer, char, num, ..}
                
         a) obtain a top-down parse for the string
                array [num..num] of integer
                
             b) Give an algorithm (or Pascal program) of a recursive-descent parser for
                this grammar. Assume that you have a function NEXT_TOKEN that
                returns a string which represents the next token in the given source
                string (i.e. the input to be parsed). Don't worry about errors in the
                given input.
                
                
  10 3 . It is generally believed that no one sorting method is alwavs better than
         others. The sorting method that should be used to sort a set of keys often
         depends on the characteristics (or properties) of the key set to be sorted.
         Identify characteristics (properties) in a key set that would be useful in
         choosing an appropriate sorting method for that key set. Formulate a
         general algorithm which uses these characteristics to choose a suitable
         sorting method.
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         4   4 .  a) What is the blocking factor? Why have a blocking factor greater than 1 ?
         
         
         6          b) With a standard ordered binary search tree, each internal node contains a
                      key value and the information associated with the key. When using a
                      tree for access into an indexed-sequential file, it is a good idea to not
                      store information associated with a key in an internal node of the tree.
                      For example 2-3 trees do this. Explain in some detail why it is a good
                      idea.
         
         
         
         4     5.   a) Hashing with chaining to handle collisions is normally a very efficient
                      technique for handling insertion and searches in a collection of data.
                      Nevertheless in some cases it can be slow. Explain how this can
                      happen.
         
         
         6          b) Consider designing a hash table (with the operations of insert, delete
                      and search) that uses open addressing to handle collisions (i.e. the value
                      is placed in another location in the table). In this case it is necessary to
                      have 3 types of locations: those that presently contain a value, those that
                      never have contained a value, and those that do not presently contain a
                      value but previously have. Why are all 3 types of locations required?
                      You might find it useful to give a small example illustrating the need.
         
         
         
         20    6.   Given a linked binary tree with the following node structure
         
         
                         | LPTR | INFO | RPTR |
         
         
                    and a pointer to the root node, T,
         
         
                    a) Formulate a detailed recursive algorithm (or program) to determine the
                      height of the tree.
         
         
                      HEIGHT(T) = MAX_PATH_LENGTH(T)
         
         
                      where MAX_PATH_LENGTH(T) denotes the maximum path length of
                      the tree from its root node to some leaf node.
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                b) Use the result of part a) to test for a full binary tree. Examples of full
                  binary trees are:
                  
                  
                  
                  (omitted due to scan limitations)
                  
                  
                  
                                                          
         
         
         
         
         
                     HEIGHT= 0     HEIGHT= 1     HEIGHT= 2
                     Num Nodes = 1 Num Nodes = 3 Num Nodes = 7
         
         
         
   18 7. This question concerns a weight-balanced lexically-ordered binary tree. In
         class, the algorithms were given for insertion (at the leaf level), deletion,
         and searching. It is required to perform a change operation in such a tree.
         The key value of the desired node is given along with its new information
         value and its new weight. The new weight can be any value. You are to
         analyze the task and formulate a general algorithm which is to perform this
         change operation. You should assume that such an algorithm will be
         invoked by
                  Change (Key, NewInfo, NewWeight),
               that the structure of the tree nodes is
               
               
               
                      Lptr | Key | Info | Weight |              Rptr
                             and that T is a pointer to the root of the tree.
                   Your write up should include the following:
                  (i) A discussion (with illustrations) of the cases which can arise.
               
             (ii) A general algorithm. The general algorithm should have enough
                  detail to clearly indicate those cases where the structure of the tree
                  needs to be changed, and how the structure is changed in each of
                  the cases.
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         5     8.  Consider the following algorithm:
                     algorithm Test (n)
         
                        if n= 1
                        then writeln (A [1])
                        else begin
                           Test (rn/31)
                           For i <- n/31 + 1, n/31 + 2, , n do
                               writeln (A[i])
                           Test (rn/31)
                           end
                        end
         
                   Give a recurrence relation for the number of lines which are written out by
                   the algorithm. You may assume that n is a power of 3.
         
         
         10    9.  Solve the following recurrence relation:
         
         
                          n, for n=0
                   T(n) = T(n-1) + 2n + 3, otherwise
         
         
         
         5     10. Draw a diagram of the shortest paths tree produced by a breadth-first search
                  of the graph with the following adjacency lists when the search is started at
                  vertex a.
         
                     a: i,e,b
                     b: h,e,c,d,a
                     c: i,b,f,g
                     d: h,b
                     e: a,b
                     f: c
                     g: h,c
                     h: d,g,b
                     i: c,a
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  30 11. When doing a depth-first search of an undirected graph, each back edge
         defines a cycle. The cycle consists of the back edge and the path in the tree
         between the ends of the back edge (see examples below). You are to give
         an algorithm based on depth-first search that will print out one cycle of the
         above form that has shortest length. You should assume that the input
         consists of the adjacency lists of an undirected graph. Remember that in an
         undirected graph the edge from a vertex back to its parent is not considered
         a back edge (because the same edge is the tree edge from the parent to the
         vertex). In the depth-first search tree given below, both d c b d and i h a i
         qualify as shortest cycles. Note: This does not necessarily produce the
         shortest cycle in the graph, but for the purpose of this question we are only
         interested in one shortest cycle of the above form.
         
         (omitted due to scanner limitations)
         
         
         
                  For each line of your algorithm, indicate the most number of times that the
                  line can be executed on a graph with n vertices and m edges.
                  
                  
         TOTAL 150
         
         
         
                          HAVE A GOOD SUMMER!
                          